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INTRODUCTION

43
Increasing amounts of energy from biomass combustion are being generated in Europe [1] . In Denmark, a considerable 44 increase in the production of renewable energy from wood chips and wood pellets was observed in the period 2000-45 2015, i.e. from 5.7 PJ to 16 PJ [2] . Wood ashes are produced during the combustion of wood, and because of the 46 increasing amounts of wood being used for energy purposes, more ashes are being generated. About 22,300 t dry weight (dw) of wood ashes are estimated to have been generated in 2012 [3] . In Denmark, wood ashes are typically landfilled
48
[4], even though Danish legislation allows for their use on top of agricultural and forest lands for fertilising and liming 49 purposes [5] .
gently for 25 minutes, allowed to settle for 5 minutes and the solution pH was then measured. This procedure was 109 repeated until a final pH of 4.5 (ANC4.5) was measured. The cumulative amounts of acid added and the observed pH of 110 the solution were plotted in the so-called "ANC curve", which is presented in Figure S1 in Supplementary Material. The 111 final ANC4.5 of the ash was determined at 4.3 meq g -1
112
A subsample of laboratory reagent calcium carbonate (min. 95% of CaCO3) was used during the percolation 113 tests (see Section 2.3). While this calcium carbonate is unlikely to be used for field application, laboratory-grade 114 calcium carbonate was used here as a well-defined source of alkalinity (or ANC). The ANC of calcium carbonate was 115 determined similarly to the ash, resulting in 19 meq g -1 -see Figure S1 . 
125
(which this study is also part of) -for more details about the ASHBACK project, please refer to the Acknowledgments 126 section.
127
The soil was sampled horizon-specifically from the O-and A-horizons (hereafter indicated as O-hor and A-128 hor). The soil was dried at 50°C and sieved to <2 mm and <4 mm for the mineral and organic soil, respectively. The 
220
A slight variation from the overall pH trends described earlier was found for both Figure S2 ). 
255
In the case of A-hor treated with ash, the largest overall variations in concentration levels relative to the A-hor 256 control column were observed for K (up to 3, 6 and 14 times higher for A-3, A-9 and A-30, respectively), P (in the 257 range of 3-6 times higher) and Si (about 3, 5 and 9 times higher for A-3, A-9 and A-30, respectively). Relatively large 258 variations in Cl, Mg and S levels were also observed, but only at the beginning of the experiment. Danish GQCs for Pb 259 were always exceeded, even by the control column: at the beginning of the test, Pb concentrations were about one order 260 of magnitude higher than the limits, whereas toward the end, they were very close to these levels. The observed levels 
268
The background levels of the leachates from the "blank column" were generally low compared to the columns Table S1 in Supplementary Material), after which lower releases were observed: cumulative 276 releases at 2.0 m 3 m -2 (shown in Table 2 ) were commonly, except for Fe, between 1 to 3 times higher than at 0.5 m 3 m -2 .
277
In the following text, however, only cumulative releases at 2.0 m 3 m -2 are addressed, unless otherwise explicitly stated.
278
< " Table 2 typical elements of environmental concern; however, even though the ash dosage increased ten times, from 3 to 30 Mg 287 ha -1 , the observed increase in the calculated releases was never proportional -see Table 2 .
288
Application of wood ash increased the amounts of common plant nutrients leaching beyond the individual soil 289
horizons. In particular, in accordance with the leaching trends reported in Figure 1 
300
With regards to typical elements of environmental concern, the only elements for which releases between the 301 control columns and the highest ash treatments were larger than a twofold difference were As and Cu, and only in the 
359
Based on the calculated residual amounts in the columns, relatively large amounts of nutrients such as K, Na, P 360 and S were calculated to percolate through the individual soil horizons, which in turn suggested that these elements may 361 be directly accessible to local soil organisms. The expected leaching of elements of typical environmental concern may 362 be very small, as the calculated residual amounts in the columns in all cases were larger than 90 % (except for As).
363
The application of 3 Mg ha -1 of wood ash resulted in relatively smooth variations compared to the control 364 columns, which in turn suggested relatively slow releases in the case of field-scale applications. 
382
The effect of different wood ash dosages on Danish forest soil was investigated through a series of column experiments.
383
Within the boundaries of our experimental framework, wood ash application promoted a short-term leaching of readily 
